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Vision is one part of the balance system. The brain has to process, compile and make sense of self movement
as well as movement in the environment using visual, vestibular and somatosensory information. Previous
research has shown visual information reduction causes performance measures to decline in many physical
tasks. Monocular blur is quite common, having several causes, some even voluntary. It is important to know if
monocular blur causes any decreases in accurately interpreting the moving world, potentially impacting
balance and safety. This research’s aim was to investigate whether a decrease in visual information with
monocular blur is measurable as a change in dynamic visual acuity (DVA), even in relatively young and
healthy populations; and whether this altered visual information also causes postural instability (i.e. increases
sway). Participants were tested using the inVision™ system by NeuroCom, Intl.
(http://www.resourcesonbalance.com), while standing on a force platform, BASIC Balance Master®, made by
the same company. The inVision™ system accurately measures DVA in logMAR and the Balance Master
measures postural sway in deg/sec. All DVA measurements-static visual acuities, target following acuities, and
head shaking acuities- were taken with or without monocular blurring spectacles. Simultaneously, sway
readings were taken during each of the DVA conditions. It was expected that static binocular acuities would
have little change with monocular blur, and there would be decreased acuities in both target following and
head shaking measures. However, the static acuities were the most significantly different with blur than
without (p=0.000), followed by the moving target acuities (p=0.001), but not head moving acuities. Sway
measures were expected to increase with blur in all three conditions, especially during the increasingly
challenging, target following and head shaking, dynamic viewing conditions. Yet, the sway measures did not
significantly increase in all conditions. Only with the head moving condition was there a statistically
significant increase (p=0.021). While the significant results were not as expected in all conditions of both
categories of vision and sway, there was a measurable decrease in some performances in each category of this
younger healthier population. As age increases, so do the risks of monocular blur and balance deficits. Further
studies with older populations and those at greater risks for falls need to be done to better understand the
risks associated with monocular blur.
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ABSTRACT 
Vision is one part of the balance system. The brain has to process, compile and make 
sense of self movement as well as movement in the environment using visual, vestibular and 
somatosensory information. Previous research has shown visual information reduction causes 
performance measures to decline in many physical tasks. Monocular blur is quite common, 
having several causes, some even voluntary. It is important to know if monocular blur causes 
any decreases in accurately interpreting the moving world, potentially impacting balance and 
safety. This research’s aim was to investigate whether a decrease in visual information with 
monocular blur is measurable as a change in dynamic visual acuity (DVA), even in relatively 
young and healthy populations; and whether this altered visual information also causes 
postural instability (i.e. increases sway). Participants were tested using the inVision™ system by 
NeuroCom, Intl. (http://www.resourcesonbalance.com), while standing on a force platform, 
BASIC Balance Master
®
, made by the same company. The inVision™ system accurately measures 
DVA in logMAR and the Balance Master measures postural sway in deg/sec. All DVA 
measurements-static visual acuities, target following acuities, and head shaking acuities- were 
taken with or without monocular blurring spectacles. Simultaneously, sway readings were taken 
during each of the DVA conditions. It was expected that static binocular acuities would have 
little change with monocular blur, and there would be decreased acuities in both target 
following and head shaking measures. However, the static acuities were the most significantly 
different with blur than without (p=0.000), followed by the moving target acuities (p=0.001), 
but not head moving acuities. Sway measures were expected to increase with blur in all three 
conditions, especially during the increasingly challenging, target following and head shaking, 
dynamic viewing conditions. Yet, the sway measures did not significantly increase in all 
conditions. Only with the head moving condition was there a statistically significant increase 
(p=0.021). While the significant results were not as expected in all conditions of both categories 
of vision and sway, there was a measurable decrease in some performances in each category of 
this younger healthier population. As age increases, so do the risks of monocular blur and 
balance deficits. Further studies with older populations and those at greater risks for falls need 
to be done to better understand the risks associated with monocular blur.
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1:INTRODUCTION 
To observe and move comfortably through the world a person’s visual, vestibular, 
somoatosensory, and central nervous system (CNS), must work efficiently together
1
. Vision 
alone is a multilayered puzzle made with perceptual pieces of information coming in from the 
external world. This multilayered puzzle requires neurological assimilation of peripheral visual 
field information, object and self-motion, depth, detailed central visual information, contrast 
sensitivity, color, and stereo acuity. All of these perceptual pieces of information are processed 
simultaneously to create a dynamic, real-time picture of the immediate world. The complexity 
of vision makes any simple question relating to it almost impossible to answer succinctly. The 
CNS is constantly comparing and reweighting information from the visual, vestibular, and 
somatosensory systems to maintain balance.
1,2
 Vision as measured at an eye exam is very 
different from the vision experienced and relied on daily. People and targets do not remain 
stationary, nor are the surrounding environments made up of high contrast, regularly spaced, 
black on white, immobile targets. Considering this, when monocular blur is present, will vision 
function related to stability and mobility in an ever-changing environment decrease, even if it is 
clinically “perfect”( i.e. 20/20) binocularly? Accounting for all the above-mentioned visual 
factors, plus the complexity of human balance, make this a complex investigation. 
 
It is important to understand the effects of monocular blur on balance, as this type of 
blur is quite common. Monocular blur is found at any age due to uncorrected refractive error, 
but is found most commonly in the elderly. This population is more likely to have varying 
amounts of blur due to age-related issues: monovision (correcting one eye for near and the 
other for distance with contact lenses or refractive surgery), cataracts, or disease processes like 
macular degeneration, diabetic retinopathy, or glaucoma. Unfortunately, elderly people are 
also more likely to suffer from several systemic diseases and side effects of medications that 
can lead to chronic dizziness.
3
 In absence of these factors, there is evidence that the sensory 
functions contributing to balance start to diminish in healthy, normal adults from 40 to 60 years 
of age.
4
 
 
2 
 
 
Vision’s influence on balance has been studied through multiple methods and 
repeatedly proven to have an influence on postural stability. The complexity of vision and 
balance is obvious in the sheer number of studies, and literature reviews in this area. Many of 
these studies focus specifically on falls. Lord et al. in a review of vision and falls in the elderly, 
state that “…the results of laboratory-based experimental studies have shown that degradation 
in visual information processing is related to impairments in gait and posture.”
5
 Several other 
reviews found impaired vision can cause balance and mobility issues in the elderly leading to 
falls and injuries.
6,7,8,9
 All of these reviews detail the complexity of visual information’s 
influence, as there was not one universal measure of visual function tied to falls, injuries, or 
balance instability. However, several measures did make repeated appearances across the 
studies as significantly affecting balance: decreased visual acuities, contrast sensitivity, visual 
fields, and/or stereo acuity are a few examples of the most common features of vision 
repeatedly, but not consistently, found. In these papers, several types of experimental designs 
can be found. Currently in the literature are numerous balance and/or gait studies on vision 
versus no vision, binocular blur versus clear vision, and monocular versus binocular vision, but 
little regarding monocular blur versus clear vision. 
 
Vision’s contributions to fall prevention seem obvious. Studying the relationship 
between the two began by testing standing balance with and without vision. Having known that 
vision added to postural stability since Romberg’s studies in the 1840s, Paulus et al. confirmed 
this in a case study with a patient having severe deficits in vestibular and somatosensory 
function. With eyes open the patient was able to stand and slowly ambulate. As visual targets 
(and the information they provided) got further away, there was an increase in his postural 
sway (the amount of movement of the participant’s center of gravity while standing). With eyes 
closed he promptly fell.
10
 Several other laboratory studies found sway measures increased 20%-
70% with vision removed.
5
 Turano et al. found that people over 65 with no previous history of 
falls were more stable in anterior-posterior (A-P) sway measures with eyes open relative to 
eyes closed than those with a history of falls. This suggests that the non-fallers received visual 
information that helped stabilize posture, while in fallers, the addition of vision was not as 
3 
 
 
helpful. This helpful visual information could have been related to contrast sensitivity, as the 
non-faller group had significantly better contrast sensitivity compared to fallers.
11
  
 
 Instead of completely eliminating vision, many studies have investigated the effects of 
reduced vision in both eyes. Visual information was reduced by adding lenses that either 
induced dioptric refractive blur (thus reducing visual acuities) or with hazy, cataract-like 
spectacle lenses over both eyes (causing fog/decreasing contrast sensitivity) or removing lenses 
(taking away the habitual prescription- again reducing visual acuities via dioptric blur). Anand et 
al. specifically induced incremental diopters of blur to assess visual function and postural sway 
outcomes in young healthy adults. They found blur significantly increased sway, even more so if 
somatosensory or vestibular information was disrupted.
12
 In a subsequent study, Anand et al. 
studied elderly participants with the same increasing levels of refractive blur while giving the 
participant a cognitive task (counting backwards by twos), a physical task (holding a tray with 
cups ), and disrupted somatosensory or vestibular information. Sway was significantly greater 
with blur in all conditions than without, even in normal, unperturbed standing, but again much 
more so under vestibular or somatosensory perturbations. Interestingly, a cognitive task in 
conjunction with a physical task significantly increased sway across all blur measures, but not so 
with the physical task alone.
13
 This suggests that a sustained cognitive task requires more 
attention than a sustained physical task. In another study with elderly adults, Anand et al. 
reapplied binocular blur incrementally and compared it to a lens that induced cataract-like non-
dioptric blur that scattered light causing greater reductions in contrast sensitivity than in visual 
acuity. They confirmed previous findings, that increasing amounts of blur increased amounts of 
sway, especially under somatosensory disruptions. Also they demonstrated that decreased 
contrast sensitivity caused a much larger increase in postural sway, compared to decreases in 
visual acuity with dioptric blur. Eight diopters (8D) of blur increased sway roughly equal to the 
cataract-simulating goggles (which decrease visual acuity similar to 1D of blur, and decrease 
contrast sensitivity equivalent to about 8D of blur). Lastly, this study found that visual targets of 
higher spatial frequency provided less feedback under visual blur, contributing less visual 
information and therefore increasing sway.
14
 In all of the above studies by Anand et al., and in a 
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majority of other sway studies, vision’s most significant effects were on sway measures in the 
anterior-posterior (A-P) directions. However when Buckley et al. studied sway in elderly 
wearing “diffuse” blur (again lowering contrast more than acuity) under the dynamic conditions 
of going up or down a step, an increase in medial-lateral (M-L) direction while standing on one 
foot was found. In other words, lateral stability significantly decreased with blurry stair 
negotiation. The M-L sway had been chosen as it had been shown better at determining fallers 
from non-fallers.
15
 However, Buckley et al. also investigated A-P sway with blur in the elderly as 
they flexed and extended their head while standing. This investigation showed that not only did 
sway increase with blur (induced by removing participants’ habitual prescription lenses), but 
also with head movement.
16
 After this study, Buckely et al. tested adults with varying 
compromises in visual input as they stepped down using biometrics other than sway. They 
found that vision significantly contributed to “landing behaviors”, or the way the patient 
stepped down from a step. With no vision or blur (light scattering lens that affected contrast 
and stereo acuities more than visual acuity), there was a somatosensory substitution strategy; 
the participant felt the ground with the first step before committing to stepping down. The blur 
and occlusion trials were not equal in amount of somatosensory confirmation needed. 
Decreased vision, especially occlusion, yielded increased somatosensory searching; this 
demonstrated the reweighting of available visual information with other available balance 
information.
17
 While the literature has many differences, from the components of blur to the 
effects tested, there is considerable evidence to show that binocular blur decreases visual 
information and increases postural unsteadiness.
12
 
 
Monocular versus binocular studies are interesting in that there is a decrease in the 
amount of (mostly redundant) visual information without changing clarity. In three 
experiments, Fox found that monocular viewing at 145 cm increased sway while quietly 
standing, relative to identical conditions under binocular viewing. The most striking result was 
that this held true even in complete darkness. He also found that full visual fields with several 
objects visible rather than “impoverished” visual fields aided in stability.
18
 In order to verify this 
and several other studies with mixed results regarding target distance influence on stability, Le 
5 
 
 
and Kapoula investigated sway with monocular vs. binocular visual input at two distances. In a 
previous study, they found that eye convergence helped decrease sway. The results showed a 
significant decrease in stability with binocular viewing in the distance (200cm) compared to 
near (40cm). In between these two sway measures fell monocular viewing wherein 
convergence is not a factor. With monocular viewing, there was no significant difference 
between far (200cm) or near (40cm) fixation distances.
19
 Taking a new approach to this 
question, Jessop and McFadyen used galvanic vestibular stimulation to provide conflicting 
visual-vestibular information. This was done under monocular and binocular viewing while 
measuring postural sway. They found no significant differences between dominant and non-
dominant eye viewing, but postural sway was significantly greater in monocular compared to 
binocular conditions.
20
 This increased stability with binocular vision (especially at near) may not 
be limited to such obvious things as stereo acuity, depth perception, or visual fields. In a novel 
approach with closed circuit TVs, making all tasks independent of stereopsis and limiting the 
visual field, Jones and Lee found that many performances of functional vision (including visual 
discrimination, eye-hand coordination, and eye tracking) were better binocularly than 
monocularly, especially under dim lighting. When binocular and viewing a wall at 50cm in dim 
lighting, they also found less postural (M-L) sway.
21
 Research on the differences between 
binocular and monocular vision may be disputed based on the viewing distances, targets, and 
visual field information. However, there is more support of binocular vision improving stability, 
especially when confusing or unreliable information is provided. 
 
Knowing that blur and monocular vision can have detrimental influences on posture, it is 
surprising that there are not more specific studies on monovision and balance. There are 
several studies on vision in general that found monovision as one of the risk factors for falls and 
injury. In a twelve month prospective study with older community dwellers, one of Lord and 
Dayhew’s significant findings was that monocular blur increased fall rates to equal fall rates for 
subjects with moderate to poor vision in both eyes. 
22
 In the Framingham study (as cited by 
Black and Wood) Felson et al. found a small decrease of visual acuities to 20/30 or worse in one 
eye increased risk of hip fracture by 1.73 times, while 20/100 in both eyes increased fracture 
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risks by 2.17 times.
7
 Cataracts provide a perfect opportunity to study posture with blur adapted 
participants, a majority of which have more blur on one eye than the other. They act as their 
own control group post-surgery as adapted participants with improved vision, initially 
monocularly, and then binocularly in most cases. Elliot et al. found that while the greatest gains 
in vision happened with the first cataract surgery, binocular acuity, contrast sensitivity, 
functional measures of vision, and mobility improved significantly after the second surgery.
23
 
Foss, after originally finding significant improvements in first eye surgeries (both in vision and a 
fall reduction of 34%), found in a follow up study that some visual measurements continued to 
significantly improve with the second surgery: visual acuities, contrast sensitivity, and especially 
stereopsis. This improved visual information could have accounted for the fact that falls 
decreased by 32% after second cataract surgery, however this decrease was not significant due 
to a small sample size.
24
 In one of the few studies designed specifically to study monocular blur, 
Vale et al. investigated the effects of monocular blur on gait while stepping up (simulating a 
stair or curb) and found that even low amounts of monocular blur impaired stereopsis. More 
importantly, they found that even with a small amount of blur (+0.50D), stepping clearance 
increased significantly, indicating that perception of step height was impaired. With dioptric 
blur equal to monovision correction (+2.50D), toe clearance levels were similar to complete 
occlusion of one eye. It was concluded that stereo acuity was more important than contrast 
sensitivity for gait measures related to stepping up.
25
 While there is some reliable evidence that 
monocular blur (and not just monocular vision) increases falls and injury risks as well as changes 
in gait, it has not been explicitly studied for its impact on balance. 
 
 In a majority of the studies with postural measures, vision was measured in static 
environments. But it is essential to know how blur impacts vision in dynamic environments, as 
the vestibular system and the vision system are intertwined and dependent on each other. The 
vestibular ocular reflex (VOR) is essential for clear, consistent, visual information when head 
movement is present. The VOR is a reflexive eye movement that compensates for head 
movement, allowing the eye to stay fixated on an object. The visual and vestibular systems 
have to identify and plan for movement while maintaining stability. One measure of the 
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functional influence of the vestibular system on vision is dynamic visual acuity (DVA).
26
 DVA 
refers to circumstances in which there is relative motion between the target and the observer. 
Impaired vestibular function can lead to blurred vision, double vision, and dizziness.
27
 Cohen
28
 
and Bloomberg showed that the VOR is active even while sitting; the VOR is sensitive to and 
corrects for even small bodily movements caused by breathing and the heart beating. They 
argued that “visual acuity during quiet sitting is an active process, which may rely on full body 
dynamics, including the VOR and other compensatory postural responses.” Therefore, they 
imply, traditional VA measurements are more of a dynamic measure than a true static 
measure.
28
 Dynamic visual acuity measures have been found to be both sensitive and specific 
for vestibular deficits, more so when measuring horizontal head movements.
29,30
 It has also 
been shown that changes in visual input can change DVA measurements. Demer et al. showed 
that magnification (viewed only monocularly) can cause DVA deficits similar to vestibular 
impairment.
31
 However little has been studied on the effects of blur, binocularity, or 
monovision on DVA. 
 
As has been demonstrated in previously cited studies, postural sway is very sensitive to 
changes in visual information. People do not even have to be aware of this visual information 
for it to influence sway. This was demonstrated by Raymond and Leibowitz’s case study with a 
participant who had a right superior homonymous hemianopsia. They presented visual targets 
to the cortically blind area and compared it to the same information presented to the 
unimpaired superior left field. The subject responded to the visual input equally in decreased 
sway measures. According to the authors, this result suggested that there are separate visual 
pathways, one pathway that mediates posture control (left intact in the participant) and 
another pathway for perception and conscious awareness of visual information (disrupted 
cortically in the participant).
32
 Friedrich et al. verified that visual information consistently 
influences the postural system. Disruption of ideal vision for postural information (simulated 
hyperopia, eye tracking, and yoked prism) increases sway measures, most evident in a 
frequency range at 0.03–0.1 Hz.
33
 Other research by Laurens et al. showed that eye movement 
made while following a target increased sway, but that sway was reduced if there was 
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stationary field information.
34
 Sway measures have also been shown to correlate to gait 
characteristics.
35
 Despite the large amount of information on vision’s impact on sway and 
sway’s ability to predict physical performance, no research has been done on monocular blur’s 
effect on sway measures. When vision and the vestibular system conflict with each other, there 
is an increased need for somatosensory input. To get a sensitive measure of the impact of 
vision and vestibular changes on posture, it was necessary to measure sway. 
 
Considering the decreased performance measures found previously with blur and 
monocular viewing, it is the aim of this investigation to determine whether the decrease in 
visual information with monocular blur affects dynamic visual acuity; and whether this altered 
visual information also causes more postural instability in the form of increased sway. 
 
2. METHODS 
This study was approved by the Pacific University Institutional Review Board.  
Participants provided informed consent prior to beginning the study. The participants 
completed a brief questionnaire and completed a baseline series of visual testing. The 
questionnaire included demographic information: age, gender, education level, medications, 
type of corrective prescriptions worn (contact lenses or glasses, if any), a brief set of questions 
related to vestibular heath/risk factors, any current or previous medical conditions, and hand 
dominance. Participants had to be functionally emmetropic for daily distance activities or have 
a contact lens prescription in order to properly wear the study spectacles. Participants received 
fifteen dollars or extra credit for one class (if offered from their Pacific University professor/s 
and applicable) per their choice. Baseline testing started with visual acuities taken at 6 meters 
and recorded in logMAR using a Clear Chart device (Reichert Ophthalmic Instruments, 
http://www.reichertoi.com/cc2.html ). Using the same device, Snellen contrast sensitivity was 
measured for each eye, one line above threshold static acuity by reducing the percentage of 
contrast per the preset increments of the Clear Chart device. Also, binocular vision was 
evaluated with cover test at 40cm and 6m; and near stereo acuity was measured with the 
Randot stereo test (SO-002, Stereo Optical Co, Inc, http://www.stereooptical.com/html/stereo-
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test.html). Two subjects had no stereopsis, the field was left blank instead of giving a score of 
“0” (as the smaller the number the better the stereo acuity). Preferred sighting eye was tested 
at distance: the participant held a compact disc in both hands at arm’s length. The disc allowed 
clear central vision with one eye through the central hole, but occluded the other via the clear 
plastic surround. While sighting a distant letter, the participant was instructed to keep both 
eyes open and hold the disc up so as to encircle the letter target, subsequently forcing 
occlusion of one eye to determine which eye was the preferred fixating eye. This was repeated 
four times, with the preferred eye and percentage recorded (e.g., OD 75% of trials) ; see Table 1 
for a summary of questionnaire and pretesting results. 
 
Participants were tested using the inVision™ system (Figure 1) by NeuroCom, Intl. 
(http://www.resourcesonbalance.com), while standing on a force platform, BASIC Balance 
Master
®
, made by the same company. The force 
platform and corresponding computer system 
recorded center of gravity measurements while 
subjects performed binocular tests of perception 
time, static visual acuity, target following acuities 
with eyes moving only and multiple headshaking 
acuity measures, each with monocular blur and 
without. Both the acuity and sway measurements 
Table 1- Pretest Results N Minimum Maximum Mean
Std. 
Deviation
Age 40 20.00 66.00 26.05 8.265
Sex (1 = male) 40 0.00 1.00 37.5% 0.490
Taking Medication 40 0.00 1.00 40.0% 0.496
Pretest VA R 40 -0.30 0.30 -0.08 0.104
Contrast Sensitivity R 40 6.3% 25.0% 13.7% 5.120
Pretest VA L 40 -0.30 0.04 -0.08 0.073
Contrast Sensitivity L 40 6.3% 25.0% 13.3% 5.492
Eye Turn 40 0.00 1.00 12.5% 0.335
Left Ocular Pref 40 0.00 1.00 25.0% 0.439
Right Hand Pref 40 0.00 1.00 7.5% 0.267
Near Stereo (arc sec) 38 40.00 50.00 41.05 3.110
Valid N (listwise) 38
Figure 1: DVA Equipment 
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had to be taken at the same time but were operated by two separate systems. (Figure 2) 
Therefore the acuity measures were started on one computer and the balance measurements 
started shortly after, on a second computer, based on the visual task. The overhead room lights 
were turned off to increase contrast and minimize glare from the mirrored image of the 
computer monitor in the tunnel system. A three way light bulb set at the lowest (50 watt) 
setting was used in a torchiere lamp for minimal background lighting to allow for safe 
movement about the lab. 
 
 
Figure 2: Lab Setup-Participant standing on platform looking at computerized target under dim lighting conditions 
with two separate systems for sway and visual acuity measures 
 
The inVision Tunnel System uses mirrors and a CRT computer monitor mounted in a six 
foot box to create an optical distance longer than the actual tunnel. (Figures 3 and 4) The 
tunnel’s adjustable mirror was set at a 15 ft (4.57 m) target distance. This setting 
accommodates the average height of most standing adults. At this height, no participant 
required the target distance to be adjusted for proper viewing. The inVision™ system uses its 
own computer system with a head mounted accelerometer to collect and then analyze data on 
the participant’s maximum head velocity in degrees per second, and the size of the head 
movement from one side to the other during visual acuity assessments. 
11 
 
 
 
Figure 3: View Seen by Participant- Shows the illusion of 
the screen appearing beyond the end of the tunnel, as if 
passing through the shaded window. 
Figure 4: Tunnel Diagram- the illusion is achieved with the 
image of the monitor (represented by the small shaded 
box) reflected off tunnel mirrors  
 
In measuring body sway and postural control, the 18”x18” force plate instrument (BASIC 
Balance Master
®
) recorded the average position of the center of gravity (COG) alignment and 
the sway velocity (distance in degrees traveled by the COG/second). This was done by 
measuring the amount of force applied from the feet. Specific markers on the force plate 
indicate where the foot placement should be based on the patient’s height and weight. The 
computer calculated and provided instructions for the proper foot placement.  
 
In condition one, the participant was tested while quietly standing on specified marks on 
the force platform, while simultaneously being evaluated for static acuity (SVA) and visual 
perception time (PT). SVA measures were taken by presenting a tumbling “E” optotype in the 
center of the inVison Tunnel Screen. The black-on-white tumbling “E” appears randomly in one 
of four directions (up, down, left or right). The participant calls out the direction, and the 
researcher records the response. Based on the response, the size of the optotype presented is 
increased (for wrong answers) or decreased (for three right answers of five presentations) per 
an algorithm designed by Neurocom to quickly and accurately find the threshold acuity. 
Perception time is measured based on this threshold acuity. A tumbling “E” is presented at 0.2 
logMAR (2 lines) above the threshold static acuity in successively briefer time intervals in order 
to determine the minimum amount of time a target has to be presented in order for the 
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participant to correctly identify the target. The system’s minimum perception time tested was 
20 milliseconds, per the computer’s limitation as well as reported human physiological 
limitations. 
 
Three separate sway measurements (each lasting 10 seconds) were taken during 
condition one, once during the stationary visual acuity measurement, and twice during 
Perception Time measurements. These measures were taken as a baseline to account for the 
cognitive demands of visual acuity testing with a simple stationary target. It has been shown 
that cognitive demands
36
 and even speaking
37
 can increase sway. Therefore, the sway measures 
were taken while performing the same activity (target identification) in all conditions. Had the 
participant been asked to stand quietly, a bias could have occurred as they may have focused 
on standing still, hence minimizing their sway.
36
 Having to identify the target gave the same 
cognitive demand from one condition to the next and distracted the participants from the 
specific task of standing still. Participants were required to focus their attention straight ahead 
and report the orientation of a tumbling E optotype. Immediately after was either condition 
two or three, followed by the remaining condition, per random assignment, without moving 
from the force plate. 
 
In condition two, Target Following, the participants were instructed to follow, with the 
eyes only and head immobile, a square target moving horizontally back and forth on the 
monitor at a speed of 1 to 15 degrees per second. The instrument would then flash a tumbling 
E, 0.2 logMAR greater than the threshold acuity for a duration based on the participant’s 
previously measured perception time. The participants were instructed to report the direction 
of the optotype. Practice trials were performed to verify that participants understood the task. 
If the participant answered correctly, the velocity would increase; if they were unable to 
answer or answered incorrectly the target would slow. During the actual Target Following 
testing, three 10-second sway measures were taken during the moving target presentations of 
this condition. Sway measures were discarded if the target following task ended before the 
sway measure. If the participants tested too quickly to get three sway measures during the 
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actual target following testing, another practice trial was given and a final sway measurement 
taken. 
 
In condition three, Head Moving Visual Acuity (AKA Dynamic Visual Acuity or DVA), the 
participants remained on the force plate and were fitted with a head-borne accelerometer to 
measure the head velocity and range of movement. The participants were instructed to 
voluntarily move the head side to side (as if shaking the head to say “no”) while watching a 
square fixation target straight ahead. Practice trials were given until the participants no longer 
had questions and felt comfortable with the task. During the testing, the participants head 
movement triggered a tumbling E optotype 0.2 logMAR greater than the threshold acuity. The 
Tumbling E was flashed inside the fixated square when the head velocity and range criteria 
were met. The horizontal (yaw) velocity goal was 120 degrees/sec- no less than 85, and the goal 
for range of movement with a constant velocity was forty degrees, twenty degrees either side 
of center. Both right- and left-bound head movements were randomly sampled. The 
participants were instructed to report the optotype orientation to obtain DVA measures. Three 
measures of sway were taken during the active horizontal head movements. No participants 
were required to do additional practice tests after the DVA testing to obtain all three sway 
measures. 
 
In conditions one, two and three, participants were wearing glasses with plano lenses, 
made of high index plastic (Trivex) and antireflective coating. Conditions four, five and six 
participants wore identical ophthalmic frames with a +2.50D blurring lens over one eye and 
plano over the other as indicated by random assignment. These later conditions were 
administered exactly as described above for static visual acuity and Perception Time, Target 
Following and Head Moving Acuities respectively. Half the participants had the monocular blur 
before conditions with plano lenses per random assignment. For a visual summary of the 
condtions, see figure 5. While the baseline static visual acuity and Perception Times (conditions 
1 & 4) were always administered first, the order of Target Following and DVA measures were 
randomly assigned. 
  
In conditions 4-6 the larger eye (black dot)
The analyses tested the significance of the following 
without blur: perception time, stationary visual acuity, two measures with only eyes moving 
visual acuity and target velocity, five head moving measures: visual acuity with l
rightward head movements, head velocity during testing (leftward, rightward, and an average 
of the two), and three sway measures during stationary, eyes moving, 
Table 2 summarizes these variables, their abbreviated labe
definition for easy reference. 
 
Figure 5: Summary of Conditions- 
 represents magnification secondary to the 2.50 D blurring le
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outcome variables 
and head moving testing. 
ls, units of measure and a brief 
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All forty participants screened were admitted to the study. Their ages ranged from 20 to 
66 with a mean and standard deviation of 26.05 and 8.212 years respectively. Fifteen (37%) 
were male and twenty five (63%) were female. Of the 40 participants, two people were unable 
to finish testing due to dizziness. Both had performed the head shake testing first and then 
were unable to finish the eyes moving testing during the monocular blur condition, creating a 
small set of missing data. Two other subjects had missing data due to computer fatal errors that 
occurred during testing. Three other participants had missing data due to either computer or 
human error, mostly during the Eyes Moving acuity measures. The errors associated with these 
missing data were considered random within the sample population. The missing data of these 
subjects were excluded from the model and the pairwise comparisons. Visual inspection of box 
plots lead to the consideration of one participant as an outlier. However, upon further 
investigation, all participants were left in the study. 
 The hypothesis of this experiment evaluated if monocular blur would decrease 
subject’s performance in the variables of dynamic visual acuity and sway measures. However, 
with the paired t-test analysis, data suggest many variables did not differ between conditions. 
Table 3 shows the comparisons with significant outcomes in bold. Of the twelve variables 
measured, three were significant at a level of p<0.050 in comparing monocular blur and no 
blur. Two were acuity measures, Static Visual Acuity (SVA p=0.000) and Moving Eyes VA (EA 
Label Short for Unit Definition
PT Perception Time msec Minimum length of time required for a target to appear for it to be identifiable.
SVA Stationary Visual Acuity logMAR Measure of visual acuity in which the subject and target do not move.
EA Eyes moving Acuity logMAR Visual acuity measured while the target moves as the eyes only followed.
EV Eyes moving Velocity deg/sec Speed at which the target was moving while the eyes only followed.
LHA Head moving Left Acuity logMAR Measure of visual acuity as a subject's head moves leftward.
RHA Head moving Right Acuity logMAR Measure of visual acuity as an subject's head moves rightward.
MHA Mean Head moving Acuity logMAR Mean of the above right and left acuity measures.
LHV Head moving Left Velocity deg/sec Speed at which the subject's head moves leftward.
RHV Head moving Right Velocity deg/sec Speed at which the subject's head moves rightward.
MHV Mean Head moving Velocity deg/sec Mean of the above right and left velocity measures.
SS Stationary Sway deg/sec Average sway measures (3) taken while being still watching a still target
ES Eyes moving Sway deg/sec Average sway measures (3) taken while being still watching a moving target.
HS Head moving Sway deg/sec Average sway measures (3) taken while moving head and watching a still target.
HS Head moving Sway deg/sec Average sway measures (3) taken while moving head and watching a still target.
Table 2: Main (Primary) Outcome Variables
  
p=0.001), and one sway measure 
measured in logMAR, decreased with blur. S
0.193(SD=0.080) to -0.118(SD=0.122) 
with the head moving (variable HS) 
0.376 (SD=0.130) degrees per second.
These acuity measures were taken binocularly, allowing one eye to see normally. 
Therefore, these results suggest 
impact on binocular visual acuity under some conditions
were not significantly decreased as expected
increased during the head movement conditions, not overall
 
To verify the results and further investigate secondary effects within th
primary effects of the monocular blur were analyzed with a linear regression model
SPSS (Proc mixed, SPSS version 20, IBM Inc.). Results were similar and confirmed the only three 
N Mean
Perception Time (PT) 36 29.72
StaticVisualAccuity (SVA) 36 -0.19
Moving Eyes VA (EA) 34 0.06
Eye Velocity (EV) 34 6.79
VA Moving Head L (LHA) 36 0.06
VA Moving Head R (RHA) 36 0.08
Mean VA Moving Head (MHA) 36 0.07
Head Velocity L (LHV) 36 98.67
Head Velocity R (RHV) 36 97.67
Mean Head Velocity (MHV) 36 98.17
Static Sway (SS) 37 0.26
Eyes Moving Sway (ES) 37 0.27
No BlurTable 3: T-Test Results
Head Moving Sway (HS p=0.021). Both acuity means, 
tatic visual acuity (SVA) fell from a mean of 
and EA from 0.058 (SD=0.082) to 0.132(SD=0
increased with blur from a mean of 0.338 (SD=0
 
that monocular blur of 2.5 diopters has an overall significant 
. But the acuities with t
 (Figure 6). Also, it was unexpected that sway only 
 (Figure 7). 
e sample
SD Mean SD  Difference Lower Upper
16.30 27.78 15.14 1.944 -5.890 9.779 0.504
0.08 -0.12 0.12 -0.075 -0.114 -0.035 -3.856
0.08 0.13 0.12 -0.074 -0.114 -0.033 -3.686
3.48 7.56 4.19 -0.765 -2.712 1.183 -0.799
0.13 0.10 0.15 -0.042 -0.106 0.022 -1.332
0.13 0.10 0.12 -0.020 -0.068 0.028 -0.842
0.11 0.10 0.11 -0.031 -0.076 0.014 -1.386
8.59 97.61 6.58 1.056 -2.113 4.224 0.676
6.70 95.83 5.86 1.833 -0.215 3.882 1.817
6.90 96.72 5.40 1.444 -0.811 3.700 1.300
0.11 0.27 0.12 -0.005 -0.048 0.038 -0.255
0.12 0.27 0.09 -0.003 -0.042 0.037 -0.138
Blur
16 
-
.120). Sway 
.138) to 
 
he head moving 
, the 
 again using 
t df p
35 0.618
35 0.000
33 0.001
33 0.430
35 0.192
35 0.406
35 0.175
35 0.503
35 0.078
35 0.202
36 0.800
36 0.891
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significant outcome variables were: SVA, EA, and HS. The regression model controlled for 
individual secondary factors from subject to subject that could bias the results. Specifically, the 
secondary factors (Table 4) controlled for in the mixed model included: gender, VA differences 
from right to left eye, presence of an eye turn, sighting eye preference, and stereo acuity. 
Stereopsis was compared as a fixed factor by grouping people based on their stereo acuity as 
normal or not (allowing for inclusion of all subjects). The remaining factors that were accounted 
for included: possible vestibular dysfunction, contrast sensitivity, and pretest VA’s (versus the 
VA’s measured and recorded by the inVision system). These variables were based on findings in 
the literature discussed above. Additional variables were added to rule out practice or residual 
effects, these included: which trial was first, blur versus plano, right eye blurred versus left, and 
first versus second trial measures. The model variables were considered statistical significant 
when p-values reached a critical value of less than 0.05. Table 6 in the appendix has detailed 
information regarding the secondary analysis. All secondary variables, fixed factors and 
covariates were also analyzed for their associations with the outcome variables. 
 
 
Controlling for the significant fixed factors or covariates yielded no further significant 
variables when comparing blur to no blur. When Normal Stereo (which included all participants) 
was controlled for, HS was the same: p=0.025. Other fixed factors/covariates were significant in 
Label Definition
Sex Male or Female
Acuity R=L A difference is considered 1.5 logMAR or more from an individual’s left vs. right eye VAs.
Eye Turn An intermittent or constant eye turn at distance, near, or both.
Eye Pref Right or left eye preferred for distance target.
Normal Stereo
Smallest amount of perceived float (3D) measured in arc seconds; normal = 40" and all 
others grouped together.
Vestibular 
Dysfunction
The possibility of vestibular compromise based on history but without diagnosis.
Any Abnormal Any subject with unequal acuities, an eye turn, poss vestib, or stereo not equal to 40".
Blur 1
st Which condition, blur or plano, was assigned first.
Eye Blurred Which eye the 2.50D blur was assigned.
1 v 2 Trial Results of the first trials compared to the second for residual/practice effects.
Contrast R
Contrast L
VA R
VA L
Table 4: Control (Secondary) Variables
Smallest percent of contrast one line larger than threshold VA.  Right and left tested 
separately with Clear Chart at distance.
Pretest of VAs measured with a clear chart at distance recorded in logMAR for the right 
and left eye separately.
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the model for SVA (Eye Pref and Eye Blurred), and EA (Eye Pref) without changing their already 
strong p values and slightly changing F values (from F=16.035 to 16.124 and F=13.238 to 12.394 
respectively; Table 5). The influence of eye preference however could be a product of the 
sample population itself. Most of the participants (75%) had a right eye sighting preference. Of 
these, 14 had their preferred right eye blurred. Of the 10 Subjects with left eye preferences, 
only 4 had that eye blurred. With such a small sample size of blur on the preferred left eye, 
there were too few data for a statistical inference to be solidly established. All other secondary 
variables were insignificant over all. 
 
 
 
4. DISCUSSION 
 
It was surprising that some, but not all, of the acuity measures were significantly 
decreased by having monocular blur. The least demanding visual task, static visual acuity, was 
the most significantly reduced. Changes in eyes moving (target following or EA) acuities were 
also significantly reduced. However, reliability may be affected by the number of subjects with 
missing data; of 40 only 38 participants had measurements for EA with no blur and only 34 EA 
measurements with blur. Most surprisingly, there was no significant effect of monocular blur on 
head shaking acuities. It was expected that all acuity measures would suffer with blur and even 
more so as the visual tasks increased demands on the visual system. This may be due to the 
No Blur Blur
Mean(SE) Mean(SE)
PT 0.572 0.325 29.74(2.607) 27.568(2.570)
SVA 0 16.035 -0.191(0.018) -0.112(0.017)
(ocular pref & eye blurred) 0 16.124 -0.176(0.018) -0.095(0.018)
EA 0.001 13.238 0.061(0.017) 0.133(0.018)
(ocular pref) 0.001 12.394 0.082(0.018) 0.135(0.018)
EV 0.296 1.126 6.579(0.627) 7.569(0.663)
LHA 0.187 1.813 0.060(0.024) 0.102(0.023)
RHA 0.353 0.885 0.080(0.020) 0.102(0.020)
LHV 0.448 0.588 98.622(1.272) 97.432(1.255)
RHV 0.078 3.29 97.683(1.036) 95.865(1.026)
MHV 0.186 1.819 98.136(1.023) 96.649(1.011)
SS 0.883 0.022 0.263(0.019) 0.267(0.019)
ES 0.891 0.019 0.265(0.018) 0.268(0.018)
HS 0.025 5.493 0.340(0.021) 0.376(0.021)
("normal" stereo) 0.025 5.437 0.374(0.028) 0.410(0.028)
Table 5: Regression Analysis Results
Variable p F
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relatively young population sample, as volitional head movements in elderly have been found 
to increase sway, but not in the young.
39
 
 Additionally, the lack of a robust effect of monocular blur on sway via reduced DVA 
could be due to the study design, was meant to be clinically-applicable. Previous studies with 
sway did much more detailed analysis, breaking down measurements by frequencies and 
direction while this study relied on an averaged sway measure, which is the typical clinical 
measure taken. Therefore, it is intriguing that there was a significant decrease in postural 
stability in a young, healthy, relatively normal population. Even though the effect on postural 
sway was not clinically significant in this population, stability decreases with age, much more so 
with vestibular and somatosensory compromise, and the ability of the CNS to integrate and 
appropriately reweight this information.
2,40,41
 Therefore it would be expected that these sway 
results would be much more apparent in older, visually, vestibularly, somatosensorily, and/or 
cognitively compromised populations. Furthermore the inter-individual differences in the 
central processing of the input to balance can vary significantly, making overgeneralizations 
difficult when exploring balance.
42
 Future studies of this type should be conducted with older 
subjects who may be more prone to the effects of monocular blur on postural stability. 
 
This study presented some limitations. There were a larger number of participants with 
possible mild vestibular issues, five out of forty per history intake, two of whom could not finish 
testing due to dizziness, and one who became dizzy after testing was completed. This limited 
our complete sample size, needing a minimum of thirty-six to be significant (at a power of 0.8 
and an alpha value of 0.05). It was further limited by missing data. Two were directly related to 
technical errors and four were unknown errors. Only thirty-three subjects had complete 
measurements of our primary variables. 
 
It is important to note that this study is an initial probe. To be more clinically applicable, 
further studies should be done with contact lens monocular blur of one eye. Monovision and 
eye diseases are problems at, or behind, the surface of the eye. The blur is not from improper 
spectacle prescriptions, like the ones used in the study. The spectacle lenses used cause 
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magnification of one eye. This can cause VOR confusion due to size and motion changes of the 
visual targets. These effects are greatly reduced as a lens moves closer to the front surface of 
the eye. Elliott and Chapman found that gait measures were much more sensitive to 
magnification effects of lenses than to dioptric blur.
43
 Chapman et al. confirmed this using 
magnifying size lenses to manipulate gait changes accordingly. 
44
 
 
5. CONCLUSION 
 
Monocular blur did not affect DVA or sway in all dynamic conditions as hypothesized. 
However, it is important to note the decreased visual acuities and statistically significant levels 
of increased sway with blur and head movement. If a relatively younger and healthy population 
shows slight decreases in balance with monocular blur, it is likely to be compounded in older 
populations. Further study is needed to compare normal healthy presbyopic groups to age 
matched groups with vestibular and somatosensory impairments. It has also been shown that 
normal well-adapted monovision patients demonstrate reduced acuities, stereo vision, and 
mobility performance measures.
45
 Clinicians, knowing the potential effects of monocular blur 
on vision and balance, would make better, more well-informed decisions for long term 
outcomes, especially with patience suffering visual, vestibular, or somatosensory loss. Proper 
education about the increased risks of compromised vision may also help patients make better 
choices both inside and outside of the care provider’s office. Furthermore, doctors and 
therapists providing care to patients with dizziness problems secondary to vestibular disease, or 
somatosensory deficits caused by peripheral neuropathies, can help their patients by simple 
screening in office and refer patients with decreased or unequal monocular acuities for vision 
exams. It is vitally important to have the best vision possible in order to compensate for balance 
information patients are not getting from one or both of the other senses for balance control. 
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7. APPENDIX 
 
PT EA EV LHA RHA LHV RHV MHV SS ES HS
p 0.572 0.001 0.296 0.187 0.353 0.448 0.078 0.186 0.883 0.891 0.025
F 0.325 13.238 1.126 1.813 0.885 0.588 3.29 1.819 0.022 0.019 5.493
No Mean(SE) 29.740(2.607) .061(0.017) 6.579(0.627) 0.060(0.024) 0.080(0.020) 98.622(1.272) 97.683(1.036)98.136(1.023) 0.263(0.019) 0.265(0.018) 0.340(0.021)
Blur Mean(SE) 27.568(2.572) .133(0.018) 7.569(0.663) 0.102(0.023) 0.102(0.020) 97.432(1.255) 95.865(1.026)96.649(1.011) 0.267(0.019) 0.268(0.018) 0.376(0.021)
p 0.658 0.982 0.602 0.599 0.807 0.67 0.828 0.722 0.56 0.87 0.248
F 0.2 0.001 0.227 0.281 0.061 0.184 0.048 0.129 0.345 0.027 1.378
Female Mean(SE) 28.011(2.202) 0.0941(0.018)7.236(0.576) 0.0741(0.023) 0.094(0.021) 98.356(1.285) 96.912(1.160)97.622(1.101) 0.272(0.020) 0.268(0.019) 0.340(0.025)
Male Mean(SE) 29.643(2.866) 0.094(0.023) 6.750(0.721) 0.093(0.029) 0.086(0.027) 97.464(1.633) 96.500(1.479)96.982(1.402) 0.253(0.025) 0.263(0.024) 0.340(0.032)
p 0.687 0.67 0.472 0.061 0.678 0.43 0.639 0.482 0.937 0.165 0.775
F 0.165 0.184 0.529 3.737 0.176 0.638 0.224 0.505 0.006 2.009 0.083
No Mean(SE) 28.254(2.011) 0.091(0.016) 7.221(0.509) .064(0.019) .088(0.019) 98.440(1.135) 96.983(1.030)97.701(0.974) 0.266(0.018) 0.256(0.016) 0.355(0.022)
Yes Mean(SE) 30.000(3.793) 0.106(0.031) 6.437(0.950) .143(0.036) .104(0.035) 96.500(2.147) 95.938(1.952)96.219(1.845) 0.262(0.035) 0.306(0.032) 0.369(0.044)
p 0.439 0.569 0.972 0.61 0.9 0.102 0.918 0.365 0.715 0.67 0.601
F 0.611 0.332 0.001 0.265 0.016 2.811 0.011 0.84 0.135 0.184 0.278
No Mean(SE) 28.125(1.878) 0.091(0.015) 7.051(0.480) 0.078(0.019) 0.090(0.018) 98.641(1.046) 96.719(0.979)97.680(0.919) 0.263(0.017) 0.269(0.016) 0.361(0.021)
Yes Mean(SE) 32.322(5.029) 0.117(0.043) 7.000(1.358) 0.105(0.050) 0.097(0.046) 93.706(2.752) 97.000(2.538)95.328(2.396) 0.280(0.044) 0.250(0.041) 0.330(0.056)
p 0.428 0.007 0.035 0.023 0.666 0.297 0.929 0.517 0.711 0.457 0.94
F 0.643 8.354 4.832 5.649 0.19 1.124 0.008 0.428 0.139 0.565 0.006
Right Mean(SE) 27.826(2.034) 0.073(0.015) 6.512(0.491) 0.059(0.019) 0.087(0.019) 98.619(1.147) 96.802(1.051)97.699(0.992) 0.268(0.018) 0.260(0.017) 0.357(0.023)
Left Mean(SE) 31.111(3.552) 0.159(0.026) 8.667(0.848) 0.150(0.033) 0.104(0.033) 96.167(2.010) 96.611(1.846)96.389(1.741) 0.255(0.031) 0.285(0.029) 0.360(0.039)
p 0.528 0.956 0.138 0.458 0.195 0.022 0.235 0.055 0.008 0.084 0.068
F 0.308 0.003 2.313 0.563 1.743 5.716 1.455 3.929 7.783 3.145 3.528
No Mean(SE) 30.976(4.569) -0.002(0.042) 8.400(1.170) 0.113(0.045) 0.141(0.082)103.257(2.378)99.260(2.261)101.170(2.080)0.358(0.036) 0.325(0.036) 0.442(0.049)
Yes Mean(SE) 28.226(1.919) 0.002(0.042) 7.318(0.471) 0.076(0.019) 0.082(0.018) 97.081(1.010) 96.290(0.974)96.685(0.890) 0.248(0.016) 0.256(0.015) 0.342(0.021)
p 0.284 0.871 0.022 0.863 0.389 0.168 0.977 0.433 0.592 0.568 0.559
F 1.183 0.027 5.651 0.03 0.761 1.985 0.001 0.63 0.292 0.331 0.348
No Mean(SE) 28.069(1.826) 0.093(0.015) 7.403(0.442) 0.080(0.019) 0.096(0.017) 97.603(1.029) 96.763(0.953)97.174(0.897) 0.262(0.017) 0.269(0.015) 0.362(0.021)
Maybe Mean(SE) 35.000(6.106) 0.100(0.042) 4.212(1.268) 0.092(0.062) 0.043(0.057)102.667(3.444)96.667(3.198)99.667(3.008) 0.289(0.047) 0.240(0.047) 0.326(0.057)
p 0.638 0.379 0.052 0.115 0.992 0.112 0.276 0.13 0.682 0.979 0.63
F 0.226 0.792 4.06 2.616 0 2.658 1.223 2.403 0.171 0.001 0.236
No Mean(SE) 27.955(2.283) 0.083(0.019) 7.779(0.558) 0.059(0.022) 0.091(0.021) 99.318(1.262) 97.568(1.161)98.443(1.085) 0.259(0.021) 0.266(0.019) 0.366(0.026)
Yes Mean(SE) 29.676(2.815) 0.109(0.022) 6.037(0.661) 0.115(0.027) 0.091(0.027) 96.062(1.548) 95.543(1.417)95.786(1.327) 0.273(0.024) 0.267(0.023) 0.346(0.030)
p 0.55 0.242 0.333 0.641 0.629 0.969 0.786 0.911 0.821 0.501 0.509
F 0.365 1.415 0.963 0.221 0.238 0.002 0.075 0.013 0.052 0.462 0.445
No Mean(SE) 29.722(2.522) 0.078(0.019) 6.634(0.613) 0.073(0.025) 0.830(0.024) 98.056(1.445) 96.500(1.304)97.278(1.239) 0.261(0.022) 0.256(0.021) 0.344(0.028)
Yes Mean(SE) 27.580(2.490) 0.112(0.020) 7.510(0.648) 0.089(0.025) 0.099(0.023) 97.976(1.420) 97.000(1.278)97.474(1.215)0.2661(0.022) 0.276(0.021) 0.371(0.028)
p 0.426 0.045 0.054 0.26 0.224 0.08 0.52 0.18 0.455 0.705 0.262
F 0.648 4.328 3.988 1.312 1.53 3.254 0.423 1.875 0.569 0.146 1.296
Right Mean(SE) 30.000(2.445) 0.121(0.019) 7.855(0.582) 0.101(0.024) 0.111(0.022) 96.342(1.341) 96.184(1.263)96.263(1.173) 0.253(0.022) 0.261(0.021) 0.335(0.028)
Left Mean(SE) 27.156(2.550) 0.064(0.020) 6.164(0.615) 0.060(0.025) 0.070(0.023) 99.829(1.307) 99.829(1.393)98.577(1.216) 0.277(0.022) 0.272(0.021) 0.380(0.028)
1 vs 2 Trial p 0.319 0.504 0.13 0.175 0.079 0.196 0.429 0.201 0.038 0.002 0.741
F 1.021 0.456 2.408 1.915 3.262 1.736 0.64 1.693 4.607 11.667 0.111
1st Mean(SE) 26.757(2.559) 0.102(0.018) 7.753(0.638) 0.102(0.023) 0.112(0.020) 99.000(1.249) 97.162(1.035)98.081(0.013) 0.245(0.018) 0.296(0.017) 0.360(0.021)
2nd Mean(SE) 30.569(2.594) 0.086(0.018) 6.336(0.638) 0.059(0.024) 0.070(0.020) 96.995(1.265) 96.331(1.034) 6.647(1.024) 0.287(0.019) 0.238(0.017) 0.354(0.022)
PT SVA EV LHA RHA LHV RHV MHV SS ES HS
p 0.001 0.036 0.828 0.029 0.029 0.687 0.033 0.181 0.851 0.804 0.422
F 13.144 4.662 0.048 5.206 5.18 0.0165 4.931 1.859 0.036 0.062 0.659
Estimate(SE)110.084(30.364) 0.606(0.281) -1.937(8.852) 0.762(0.334) 0.708(0.331) 8.247(20.308)38.226(17.215)23.175(16.996)-0.59(0.310) -0.073(0.294) 0.316(0.386)
p 0.043 0.361 0.343 0.135 0.564 0.514 0.29 0.348 0.296 0.216 0.396
F 4.423 0.859 0.922 2.342 0.339 0.434 1.156 0.906 1.12 1.583 0.737
Estimate(SE)66.492(31.616) 0.257(0.278) -7.819(8.141) 0.499(0.326) 0.182(0.312)12.536(19.027)18.296(17.018)15.426(16.204)-0.304(0.287) -0.352(0.280) 0.313(0.364)
p 0.001 0.07 0.171 0.052 0.004 0.779 0.336 0.731 0.562 0.89 0.239
F 12.137 3.521 1.961 4.05 9.406 0.08 0.954 0.12 0.342 0.02 1.43
Estimate(SE)53.024(15.220) 0.263(0.140) 6.071(4.336) 0.338(0.168) 0.447(0.146) -2.840(10.065) 8.770(8.981) 2.990(8.624) -0.088(0.150) -0.020(0.141) 0.225(0.188)
p 0.468 0.118 0.647 0.331 0.066 0.81 0.738 0.974 0.893 0.447 0.159
F 0.538 2.584 0.214 0.972 3.595 0.059 0.114 0.001 0.018 0.59 2.059
Estimate(SE)20.693(28.205) 0.368(0.229) 3.236(6.998) 0.277(0.281) 0.478(0.252) 3.926(16.187)-4.923(14.609)-0.457(13.886)-0.030(0.218) 0.158(0.206) 0.385(0.268)
p 0.344 0.867 0.13 0.804 0.48 0.008 0.765 0.092 0.002 0.096 0.025
F 0.92 0.028 2.418 0.063 0.511 7.864 0.091 3.013 10.625 2.93 5.472
Estimate(SE) -0.448(0.467) 0.001(0.005) -0.219(0.141) 0.001(0.006) 0.004(0.005) 0.829(0.296) 0.083(0.277) 0.456(0.263) 0.015(0.005) 0.008(0.005) 0.015(0.006)0.001(0.005)
Color Key Sig Primary Variables Sig Secondary Var in the model Close to (p= .051) Sig Sec Var Sig(or close) only on 1st check, not in the model
0.263(0.135)
Acuity L
0.127
2.44
0.340(0.218)
Stereo 
Measured
0.862
0.031
Contrast L
0.172
1.94
0.358(0.257)
Acuity R
0.06
3.782
Covariate EA
Contrast R
0.032
4.962
0.598(0.269)
-0.186(0.020)
0.355
0.881
-0.141(0.019)
-0.136(0.019)
-0.175(0.021)
-0.129(0.020)
Eye 
Blurred
0.022
5.788
-0.120(0.019)
Any 
Abnormal
0.305
1.087
-0.164(0.019)
-0.133(0.023)
Blur 1st
0.118
2.572
-0.155(0.016)
Vestibular 
Dysfun
0.837
0.043
-0.150(0.016)
-0.162(0.052)
-0.172(0.016)
-0.091(0.027)
Normal 
Stereo
0.533
0.397
-0.129(0.038)
Eye Turn
0.203
1.684
-0.159(0.016)
-0.101(0.041)
Eye Pref
0.015
6.59
-0.156(0.024)
 Acuity: R 
= L
0.805
0.065
-0.153(0.017)
-0.144(0.032)
-0.191(0.018)
-0.112(0.017)
Sex
0.797
0.067
-0.148(0.019)
Table 6: Complete Results of Type III Test of Fixed Effects Analysis
Fixed Factor SVA
Blur
0
16.035
